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Cavity Design Criteria
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— CW power sources
Iris Radius, Rjris 8.5 [cm] _
Wall Angle, o 25 [ded] — Chemical treatment
Equatorial Ellipse, R = £ 1.0
Iris Ellipse, r =2 1.1 -
Cav. wall to iris plane, d 2.5 [cm] Five Cells
A
Half Cell Length, L = Tﬁ 10.65 [Cm] — Fewer trapped modes
H=D—- (Riyris+ b+ B) 4.195 [cm]
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Field sensitivity factor:




Beam Pipe Transition
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HOM Extraction & Damping

Ferrite Absorbers Loop Couplers
Broadband (300 K) Resonant Ciruit (2 K)




Coupler Kick
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BNL High Current Cavity

Main Parameters:

Frequency 703.75 [MHZ] ‘
RHIC Harmonic 25
Number of cells | 5 |
Active cavity length | 1.52 [m] | " _. “
Iris Diameter | 17 [cm] | -- g
Beam Pipe Diameter | 24 [cm] |
G (£2) | 225 |

403.5 [Q2
S/SCS @ 2K } 4953;)1[01]0 I Field Flatness
Qeggt ‘ 3 x 106 | ! I I \ I I I Supelrfish —
E,/E, [ 1.97 .| Meas — |
H,/E, | 5.78 [mT/MV/m] |
cell to cell coupling | 3% | = 06| |
Sensitivity Factor (%2) ‘ 833 ‘ =
Field Flatness | 96.5 % | Toal ]
Lorentz Detuning Coeff | 1.2 [Hz/MV/m] |
Lowest Mech. Resonance | 96 [MHZz] | o2} -
k| (0. — 1cm) | 1.1 [V/pC] |
ki (02— 1lcm) | 3.1 [V/pC/m] I 00.2 ol.4 OI.6 OI.8 1 1|.2 1|.4 1I.6 1.8

HOM Power (10-20 nC) | 0.5-2.3 [kW]

z [m]




Cu Prototype & Nb Cavity

Two Cu prototypes fabricated

Measurement of fundamental and
higher order modes completed

Measurement of 27¢ cavity for
statistics under progress

Superstructure transition section
to be developed and tested

The cavity, BCP tooling and HPR
system fabricated

To be shipped to JLAB Jan 26",
2006

Back to BNL May 18", 2006

Cryostat assembly and cold test-
ing BNL in Sept. 2006
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BNL 1/2 Cell Gun
ERL Prototype
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SRF Gun Design
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Some Comparisons

Shape r/Q 2] E,/E., By/E, [(Mv/m>]
Design 1 101 1.14 2.73
Design 2 105 1.39 2.97
Design 3 103 1.20 2.81
Design 4 112 1.33 2.69
Design 5 95 1.42 2.96
Design 6 92 1.42 2.87
Design 5 Right Cell
Frequency 703.75 MHz
Iris Radius, Rjys 5.0 cm
Wall Angle, a 6.5°
Equatorial Ellipse, R = £ 1.1
Iris Ellipse, r = 2 1.2
Cav. wall to iris plane, 1.0 cm
Active cavity Length, L 8.5 cm
Center to equator end 18.95 cm
Avg. Beta, < g =2 0.587




Average HOM Losses
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Avg. Power ~ 175 W
(Qb = 5 nC, Ib = 50 mA)
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Beam Pipe Transition

20

e HOM Damping ®

Straight BP —

10 15
Z [cm]

Enlarged BP —

19 cm

Z [cm]

e FPC Coupling (field level < 102 — 10 cm away) ®

e Mechanical Design (manufacturing, valves etc..) ®



z, kel

Zyrans [KQ/m x 107]

Impedance Spectrum & Laser

Stability

16
14
12
10

2.5

15

0.5

SO N B~ O 0
T

5 cm BP Radius
9.5 cm BP Radius
beam harmonics

Monopole Modes §

1 2 3 4 5 6
Frequency [GHZ]

5 cm BP Radius
9.5 cm BP Radius
beam harmonics 7

Dipole Mjodes

1 2 3 4 5 6
Frequency [GHZ]

Phase Modulation:

0. @)

1(t) = Z and(t — nTo — )

n——oo

Spectral Power Density:

2 0
27 | sin(v/3wo) 2wm
Plw) = — E O |w—
TO ( \/§w0-€) _ . TO J/
\ . 7 TN=—00 Ve
envgope harmonics
2
1 sin(v/3wo) 5
+— 1-— + o},
To (vV/3wo,)
N ~ J/
baseline
108 F ‘Analyt‘ical ‘
Simulation
_ 102 L
é 10! b
% 10°
&
10
102 U

0 0.5 1 15 2 25 3 35 4 4.5 5
Frequency [GHZ]

@%9X10_3 (0o = 1%, oe =1 ps)



Coupling Fundamental Power

<— Coaxial
- Coupler

Cathode —§/]

< —Pringle Tip

Be’ém Pipe

SRF GUN

Couple strongly:
Qext ~ 5 X 104

Coupler kicks
Reduce wakefields

Engineering, align-
ments, etc..
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FPC Optimization
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Coupler Kicks
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Optimize Iris Radius

- fHOMs & fcut—off
— Trapped Modes

Beam pipe transition
— HOM damping
— FPC Coupling

Optimize L1 & L»
— Energy Vs. Phase Slope
— Longitidinal Emittance

— Transverse Emittance

Optimize cavity ellipses
— Peak fields, R/Q, etc...



Conclusions and Outlook

e Final design review (1/2 Cell) - Dec 14t" 2005
e SRF gun shape and FPC Coupler finalized

e Fabrication of prototype and Nb cavity underway
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Design Criteria
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Normalized units
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Cavity Comparisons

Par BNL(HC) CEBAF(HG) TESLA(HG)
Freq. [MHZ] 703.75 1497 1300
g* G [Q2?] 9 x 104 2.1 x 10° 2.8 x 10°
E,/E, 1.97 1.96 1.98
H,/E, [mT/MV/m] 5.78 4.15 4.15
Kee 3% 1.89% 1.87%
Ncells 5 7’ 9

gNTi 8.3 x 102 2.6 x 103 4.1 x 103
Lorentz. Det. Coeff [Hz/(MV/m)?] 1.2 (UnStiff) 2 1

ki (0. —1mm) [V/pC] 4.25 10.71 13.14
ki (0. —1mm) [V/pC/m] 0.1 2.24 2.07
Qezt (Dipole) 102 — 10 103 — 10° 103 — 107




Design Criteria: Trapped Modes

Frequency Difference

Af=30MHz (2.4 GHz) Af=13MHz (1.4 GHz)

Number of Cells
no e-m fields at HOM couplers positions

e-m fields at HOM couplers positions




